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CAPACITOR STRUCTURE 



DESCRIPTION 

BACKGROUND OF THE INVENTION 
[Para1] Field of the Invention 

[Para 2] The present invention relates generally to a capacitor structure. 
More specifically, the present invention relates to a capacitor structure, which 
has a high capacitance per unit area. 

[Para 3] Description of the Related Art 

[Para 4] With the recent developments in the field of electronics, a large 
number of electronic products termed as '3C' products such as computers, 
communication and consumer electronic products are being widely produced. 
These electronic products require a variety of semiconductor components, 
which have different functions. Therefore, an application specific integrated 
circuit (ASIC) has been developed for manufacturing and integrating 
semiconductor components in accordance with their different requirements. 
For example, a mixed mode circuit (MMC) is a type of ASIC wherein a capacitor 
and a complementary metal oxide semiconductor (CMOS) are integrated. 

[Para 5] In general, in the mixed mode circuit described above, a capacitor is 
a basic and an important electronic component. Especially, in analog basic 
building block circuits such as sample and hold circuits, analog to digital (A/D) 
converters, digital to analog (D/A) converters or switched capacitor filters, a 
capacitor is an important and indispensable component. 

[Para 6] In the recent times, in order to minimize the size of electronic 
devices and make them compact, the size of their components also needs to 
be minimized. However, in general a capacitor occupies a large area of the 
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layout of the chip comprising an electronic device. Therefore, in a high 
performance mixed mode circuit, the mixed mode circuit (MMC) capacitor 
structure is developed using a material, which has a high dielectric constant in 
order to increase its capacitance per unit area. However, the MMC capacitor 
structure has the disadvantages of a high manufacturing cost, a long process 
time and a complex manufacturing process. Therefore, there is a requirement 
for a capacitor, which has a low manufacturing cost and a high capacitance per 
unit area. 



SUMMARY OF THE INVENTION 

[Para 7] The present invention is directed to a capacitor structure, which has 
a high capacitance. 

[Para 8] In addition, the present invention is directed to a capacitor 
structure, which has a high capacitance per unit area. 

[Para 9] The present invention provides a capacitor structure comprising a 
conductive layer and a dielectric layer. The conductive layer comprises a first 
spiral pattern and a second spiral pattern arranged alternatively with respect to 
each other. The dielectric layer is disposed between the first spiral pattern and 
the second spiral pattern. 

[Para 1 0] In addition, the present invention provides a capacitor structure 
comprising, a plurality of conductive layers, a dielectric layer, at least a first 
contact window and at least a second contact window. The conductive layers 
are stacked on each other and each conductive layer comprises a first spiral 
pattern and a second spiral pattern arranged alternatively with respect to each 
other. In addition, the dielectric layer is disposed between the first spiral 
pattern and the second spiral pattern, and between two adjacent conductive 
layers. Moreover, the first contact window is disposed in the dielectric layer to 
electrically connect the first spiral patterns of the two adjacent conductive 
layers. In addition, the second contact window is disposed in the dielectric 
layer to electrically connect the second spiral patterns of the two adjacent 
conductive layers. 
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[Para 11] In accordance with the present invention, since the first spiral 
pattern and the second spiral pattern are used as two electrodes and are 
disposed in a spiral shape, the total length of each electrode per unit area of 
the same conductive layer is increased. Therefore, the capacitance per unit 
area of the capacitor structure of the present invention is increased. In 
addition, since the method of manufacturing the capacitor structure of the 
present invention is compatible with the conventional method, the capacitor 
structure can be manufactured without performing any external process step. 
Therefore, the process of manufacture is not complicated and the 
manufacturing cost is not increased. Furthermore, the interval between the 
spiral patterns of the electrodes may be minimized and optimized by using the 
recently developed deep sub-micron technology. Thus, the capacitance as 
well as the capacitor structure is enhanced. 

[Para 1 2] It is to be understood that both the foregoing general description 
and the following detailed description are exemplary, and are intended to 
provide further explanation of the invention as claimed. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[Para 1 3] The accompanying drawings are included to provide a further 
understanding of the present invention, and are incorporated in and constitute 
a part of this specification. The drawings illustrate embodiments of the 
present invention and, together with the description, serve to explain the 
principles of the present invention. 

[Para 1 4] FIG. 1 A is a schematic top view of a capacitor structure, according to 
one embodiment of the present invention. 

[Para 1 5] FIG. 1 B is a schematic cross-sectional view along the cross-section 

I- 1' of FIG. 1 A, according to one embodiment of the present invention. 

[Para 1 6] FIG. 2A is a schematica top view of a capacitor structure according 
to another embodiment of the present invention. 

[Para 1 7] FIG. 2B is a schematic cross-sectional view along the cross-section 

II- 11' of FIG. 2A. 

Page 3 of 1 7 



File: 13363usf 

[Para 1 8] FIG. 3 is a schematic cross-sectional view of a capacitor structure 
according to one embodiment of the present invention, wherein the capacitor 
structure comprises at least two conductive layers, which are mutually 
electrically connected. 

[Para 1 9] FIG. 4A is a schematic top view illustrating a (2r^-^y^ (where n is an 
integer greater than 1) conductive layer of the capacitor structure illustrated in 
FIG. 3, wherein FIG. 3 illustrates a schematic cross-sectional view along the 
cross-section 111-111' of FIG. 4A. 

[Para 20] FIG. 4B is a schematic top view illustrating a 2r\^^ conductive layer of 
the capacitor structure illustrated in FIG. 3, wherein FIG. 3 illustrates a 
schematic cross-sectional view along the cross-section 111-111' of FIG. 4B. 

[Para 21] FIG. 5 is a schematic cross-sectional view illustrating a capacitor 
structure according to yet another embodiment of the present invention. 

[Para 22] FIG. 6 Is a schematic cross-sectional view Illustrating a capacitor 
structure according to an alternative embodiment of the present invention. 



DESCRIPTION OF THE EMBODIMENTS 

[Para 23] The present Invention will be described fully hereinafter with 
reference to the accompanying drawings, in which preferred embodiments of 
the present invention are illustrated. The present invention may, however, be 
embodied in many different forms and should not be construed as limited to 
the embodiments set forth herein; rather, these embodiments are provided so 
that this disclosure will be thorough and complete, and will fully convey the 
scope of the Invention to those skilled In the art. Like numbers refer to like 
elements in the accompanying drawings throughout. 

[Para 24] FIG. 1 A Is a schematic top view of a capacitor, according to one 
embodiment of the present Invention. FIG. 1 B Is a schematic cross-sectional 
view along the cross-section 1-1' of FIG. 1 A. 

[Para 25] Referring to FIG. 1 A and FIG. 1 B, the capacitor structure in 
accordance with one embodiment of the present invention comprises, a 
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conductive layer 1 00 and a dielectric layer 1 02. The conductive layer 1 00 
comprises spiral patterns 104a and 104b arranged alternatively with respect to 
each other. In addition, the dielectric layer 102 is disposed between the spiral 
patterns 1 04a and 1 04b. 

[Para 26] In accordance with another embodiment of the present invention, 
the spiral patterns 1 04a and 1 04 may be rectangular spiral patterns as 
illustrated in FIG. 2A and FIG. 2B. FIG. 2A is a schematic top view of a 
capacitor structure according to another embodiment of the present invention, 
and FIG. 2B is a schematic cross-sectional view along the cross-section ll-M' of 
FIG. 2A. 

[Para 27] It is noted that the spiral patterns 1 04a and 1 04b are not limited to 
the rectangular spiral patterns illustrated in FIG. lAand FIG. 2A. In addition, 
the spiral patterns 1 04a and 1 04b are not limited to rectangular spiral 
patterns. The spiral patterns 1 04a and 1 04b can be of any shape that 
increases the total length of each electrode per unit area of the same 
conductive layer 1 00. Therefore, the spiral patterns 1 04a and 1 04 comprise, 
spiral patterns such as the rectangular spiral pattern described above, as well 
as other shapes of spiral patterns such as arc shaped, elliptical, triangle, 
polygon and non-regular shaped spiral patterns. In addition, the shape of the 
spiral patterns 1 04a and 1 04b in the conductive layer 1 00 may be the same or 
different. 

[Para 28] Therefore, in accordance with the present invention, since the two 
conductive patterns used as two electrodes are disposed in a spiral shape, the 
total length of each electrode per unit area of the same conductive layer is 
increased. Therefore, the capacitance per unit area of the capacitor structure 
described in the present invention is increased. In addition, since the method 
of manufacturing the capacitor structure of the present invention is compatible 
with the conventional method, the capacitor structure can be manufactured 
without performing any external process step. Therefore, the method of 
manufacturing the capacitor structure of the present invention is not 
complicated and the cost of manufacturing is not increased. Furthermore, the 
interval between the spiral patterns used as the electrodes in the capacitor 
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structure of the present invention may be minimized and optimized by mal<ing 
use of the recently developed deep sub-micron technology. Thus, the 
capacitance as well as the capacitor structure of the present invention is 
enhanced. 

[Para 29] In accordance with another embodiment of the present invention, a 
capacitor structure comprising a plurality of conductive layers, which are 
mutually electrically connected is provided. Hereinafter, although only two 
conductive layers and one dielectric layer disposed between the two 
conductive layers are described, however, the present invention is not limited 
to the embodiments described herein. The capacitor structure of the present 
invention comprises two or more conductive layers mutually electrically 
connected, wherein a dielectric layer is disposed between every pair of 
adjacent conductive layers. 

[Para 30] FIG. 3 is a schematic cross-sectional view of a capacitor structure 
according to one embodiment of the present invention, wherein the capacitor 
comprises at least two conductive layers, which are mutually electrically 
connected. Referring to FIG. 3, the capacitor structure comprises at least two 
conductive layers electrically connected to each other. In addition, the 
schematic top view of the (2n-]Y^ (where n is an integer greater than 1 ) 
conductive layer is illustrated in FIG. 4A, and the schematic top view of the 2n^^ 
conductive layer is illustrated in FIG. 4B. FIG. 3 is a schematic cross-sectional 
view along the cross-section 111-111' of FIG. 4A and FIG. 4B. 

[Para 31] Referring to FIG. 3, FIG. 4A and FIG. 4B, the capacitor structure 
comprises at least two conductive layers 300 and 302, a dielectric layer 304, at 
least a two contact windows 306a or 306c and 306b or 306d. 

[Para 32] The conductive layers 300 and 302 are stacked against each other. 
The conductive layer 300 comprises spiral patterns 308a and 308b arranged 
alternatively with respect to each other, and the conductive layer 302 
comprises spiral patterns 310a and 310b arranged alternatively with respect to 
each other. 

[Para 33] It is noted that the spiral patterns 308a and 308b or the spiral 
patterns 31 Oa and 31 Ob are not limited to the rectangular spiral pattern 
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illustrated in FIG. 1 A and FIG. 2A. In addition, the spiral patterns 308a and 
308b or the spiral patterns 31 Oa and 31 Ob are also not only limited to a 
rectangular spiral pattern. The shape of the spiral patterns 308a and 308b or 
the spiral patterns 310a and 310b are not limited to the embodiments of the 
present invention described herein. Any shape of the spiral patterns 308a, 
308b, 31 Oa and 31 Ob that can increase the total length of each electrode per 
unit area of the conductive layers 300 or 302 may be used in the present 
invention. Therefore, the spiral patterns 308a and 308b or the spiral patterns 
31 Oa and 31 Ob comprise, spiral patterns such as the rectangular spiral pattern 
described above, as well as other shapes of spiral patterns such as arc shaped, 
elliptical, triangle, polygon, and non-regular shaped spiral patterns. In 
addition, the shape of the spiral patterns 308a and 308b or the spiral patterns 
31 Oa and 31 Ob in the conductive layers 300 or 302 may be the same or 
different. 

[Para 34] In addition, the dielectric layer 304 is disposed between the spiral 
patterns 308a and 308b, between the spiral patterns 31 Oa and 31 Ob, and 
between the two adjacent conductive layers 300 and 302. Moreover, the 
contact window 306a or 306c is disposed in the dielectric layer 304 to 
electrically connect the spiral patterns 308a and 31 Oa of the two adjacent 
conductive layers 300 and 302. Furthermore, the contact window 306b or 
306d is disposed in the dielectric layer 304 to electrically connect the spiral 
patterns 308b and 31 Ob of the two adjacent conductive layers 300 and 302. 
In addition, in accordance with another embodiment of the present invention, 
more contact windows 306a, 306c or 306b, 306d may be disposed in the 
dielectric layer 304 to electrically connect the spiral patterns 308a and 31 Oa or 
the spiral patterns 308b and 310b of the two adjacent conductive layers 300 
and 302. 

[Para 35] It is noted that, in accordance with the embodiment of the present 
invention described above, the spiral patterns 308a and 31 Oa and the spiral 
patterns 308b and 31 Ob of the two adjacent conductive layer 300 and 302 do 
not completely overlap each other. In other words, the spiral patterns of the 
conductive layers 300 and 302 are not identical. However, the spiral patterns 
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of the conductive layers 300 and 302 are not limited to the embodiments of 
the present invention described above. In accordance with the present 
invention, the spiral patterns of the two adjacent conductive layers 300 and 
302 may or may not completely overlap each other as long as they are 
electrically connected to each other via the contact window 306a or 306c and 
306b or 306d. 

[Para 36] Therefore, in accordance with another embodiment of the present 
invention, the capacitor structure comprises, at least two identical conductive 
layers 300 stacked against each other as illustrated in FIG. 5. Hence, the spiral 
patterns 308a and 308b of different conductive layers 300 completely overlap 
each other, and are electrically connected via contact windows 306a or 306c 
and 306b or 306d. In addition, in accordance with another embodiment of the 
present invention, the capacitor structure comprises, at least two conductive 
layers 302 stacked against each other as illustrated in FIG. 6. Hence, the spiral 
patterns 310a and 310b of different conductive layers 302do not completely 
overlap each other, and are electrically connected via contact windows 306a or 
306c and 306b or 306d. In accordance with yet another embodiment of the 
present invention, different conductive layers, comprise spiral patterns, of 
which, a pair of spiral patterns completely overlap each other whereas, another 
pair of spiral patterns do not completely overlap each other. Hence, the spiral 
pattern may be disposed on the conductive layers according to the 
requirement of the capacitor structure. For example, in the same conductive 
layer, one or more spiral patterns meeting the requirement may be provided, 
or in different conductive layers, one or more spiral patterns meeting the 
requirement and being electrically connected with each other may be provided. 
Therefore, the capacitance per unit area of the capacitor structure described in 
the present invention is enhanced. 

[Para 37] Accordingly, in the present invention, since the two conductive 
patterns used as electrodes are disposed in a spiral shape, the total length of 
each electrode per unit area of the same conductive layer is increased. 
Therefore, the capacitance per unit area of the capacitor structure described in 
the present invention is increased. In addition, since a contact window is 
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provided, tPie capacitor structure may comprise two or more conductive layers, 
thereby further increasing the capacitance per unit area of the capacitor 
structure described in the present invention. 

[Para 38] In addition, since the method of manufacturing the capacitor 
structure of the present invention is compatible with the conventional method, 
the capacitor structure can be manufactured without performing any external 
process step. Therefore, the process of manufacture is not complicated and 
the manufacturing cost is not increased. Furthermore, the interval between 
the spiral patterns of the electrodes may be minimized and optimized using 
the recently developed deep sub-micron technology. Thus, the capacitance as 
well as the capacitor structure is enhanced. 

[Para 39] It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure of the present 
invention without departing from the scope or spirit of the invention. In view 
of the foregoing, it is intended that the present invention cover the 
modifications and variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 
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